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The purposes of this study were 1) to determine the 
prognosis of silent ischemia in an unselected group of 
patients referred for exercise testing, and 2) to assess 
whether age or the presence of myocardial infarction or 
diabetes mellitus influences the prevalence of silent myocar- 
dial ischemia during exercise testing. 
The design was retrospective, with a 2 year mean 
follow-up period. The study group consisted of 1,747 pre- 
dominantly male in-patients and outpatients referred for 
exercise testing at a 1,200 bed Veterans Administration 
hospital. The main result was that the mortality rate was 
significantly greater (p = 0.02) among patients with abnor- 
mal ST segment depression than in patients without ST 
depression. The presence or absence of angina pectoris 
Although “silent” coronary heart disease described as ex- 
ercise-induced ST segment depression without chest pain 
has been recognized for >20 years (l), there is controversy 
regarding its prognostic significance. When detected by 
ambulatory electrocardiographic (ECG) monitoring in pa- 
tients with an unstable coronary syndrome (2-4), it has been 
associated with a worse prognosis than that of patients who 
experience angina during monitoring. This finding has led to 
the hypothesis that the prognosis of patients with “silent” 
myocardial ischemia is worse than that of patients with 
angina pectoris because the former have no intact “warning 
system” (5). However, in studies of patients who were 
referred for diagnostic purposes (6) or who had a stable 
coronary syndrome (7,8), silent myocardial ischemia de- 
tected by exercise testing has been associated with a prog- 
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during exercise testing was not significantly related to 
death. The prevalence of silent ischemia was not signifi- 
cantly different among patients categorized according to 
myocardial infarction or diabetes mellitus status, but was 
directly related to age. 
It is concluded that, in patients with an ischemic ST 
response to exercise testing, the presence or absence of 
angina pectoris during the test does not alter the risk of 
death. The prevalence of silent ischemia during exercise 
testing is not statistically different among patients with 
recent, past or no myocardial infarction or with insulin- 
dependent or noninsulin-dependent diabetes mellitus. 
{J Am Co11 Cardiol1989;14:1175-80) 
nosis either better than or similar to that of patients with 
angina pectoris. Because exercise testing has advantages 
over ambulatory ECG monitoring with regard to the leads 
monitored, chest pain description and fidelity of the record- 
ing apparatus, confirmation of these findings would help 
resolve the controversy over the relative prognostic impact 
of silent myocardial ischemia. 
The purpose of this study was to determine the effect of 
silent ischemia on prognosis in patients undergoing exercise 
testing at a large Veterans Administration hospital. In addi- 
tion, the data set provided the opportunity to demonstrate 
whether differences in the prevalence of silent ischemia and 
its impact on the prognosis of patients with silent ischemia 
could be explained by age or their myocardial infarction and 
diabetes mellitus status. 
Methods 
Patient selection. Since June 1984, data obtained during 
exercise testing at the Long Beach Veterans Administration 
Medical Center have been stored in a computerized data 
base. The data include exercise, clinical and hemodynamic 
variables as well as data on coronary anatomy and left 
ventricular function obtained from patients undergoing car- 
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Table 1. Reasons* for Exercise Testing and Medication Status at the Time of Testing Among Subgroups Determined by Ischemic 
Response to the Exercise Test 
Atypical Angina Calcium Long-Acting 
Chest Pain Pectoris Recent Ml Antagonist Beta-Blocker Nitrates 
(%) (%) (%) (%) (%) (%) 
Angina plus ST depression (n = 167) 16 58 15 34 39 68 
Silent ischemia (n = 317) 38 23 3 22 34 48 
Angina only (n = 159) 23 47 13 42 42 65 
No ischemia (n = 1130) 57 8 8 17 30 37 
*Other reasons for testing included exercise capacity, other prior myocardial infarction; arrhythmia evaluation and evaluation before and after 
revascularization; trecent myocardial infarction (MI) refers to infarction within 2 weeks. 
disc catheterization. Follow-up information was obtained 
from the patient information data base. Follow-up data on 
survival were complete at a mean interval of 24 months. The 
pharmacy prescription file provided data regarding the pa- 
tients’ use of insulin or hypoglycemic agents. Patients were 
then classified as insulin dependent, noninsulin dependent or 
nondiabetic. 
The presence or absence of two exercise test responses 
(angina pectoris and abnormal ST segment depression) 
allowed the formation of four subgroups for subsequent 
analysis. These subgroups were defined as 1) angina pectoris 
plus ST depression, 2) silent &hernia (ST depression only), 
3) angina pectoris only and 4) no ischemia. Angina pectoris 
was defined as discomfort considered by the cardiologist 
administering the exercise test to be characteristic of myo- 
cardial ischemia. Chest, arm or neck discomfort precipitated 
and increased by exercise and stopped by cessation of 
exercise was classified as angina pectoris. Abnormal ST 
segment depression was defined as ~0.1 mV horizontal or 
downsloping ST depression from the PR segment or from the 
rest baseline if minor ST depression was present at rest. 
Patients with left ventricular hypertrophy and characteristic 
repolarization abnormalities or rest- or exercised-induced 
left bundle branch block were excluded from this analysis as 
were patients who were taking digoxin or who had significant 
valvular disease. 
Patient characteristics. The study group consisted of 
2,044 consecutive patients undergoing exercise testing from 
June 1984 through April 1987. After the exclusions were 
applied, 1,773 patients were suitable for analysis and follow- 
up study. 
The study group was predominantly male (1,747 men and 
26 women) with a mean age of 58 years and no significant age 
differences among the subgroups. Exercise testing was per- 
formed for a variety of clinical indications (Table 1). Evalu- 
ation of a chest pain syndrome and routine testing after 
myocardial infarction were the most common reasons for 
referral. Other reasons included pre- or postrevasculariza- 
tion procedures, assessment of exercise capacity, arrhyth- 
mia evaluation, valvular heart disease or other heart disease. 
Antianginal medications were commonly being taken at the 
time of exercise testing and were being used more frequently 
by patients who experienced angina during the exercise test. 
Results of cardiac catheterization were available for 326 
patients. 
Exercise testing. All patients underwent exercise testing 
using a progressive treadmill protocol with 2 min stages, 
starting at 0% grade and 2.0 miles/h, then increasing to 3.3 
miles/h, followed thereafter by grade increases of 5% per 
stage. The completion of each stage was associated with an 
estimated additional 2 metabolic equivalent (MET) expendi- 
ture. Twelve lead ECGs were recorded during each stage, 
whenever symptoms or signs were manifest, and at minute 
intervals during recovery. 
Table 2. Hemodynamic Data Obtained During Exercise Testing Subgroups 
Maximal Maximal Maximal 
ST Dep HR SBP 
METS* Borg Scale (mV) (beats/min) (nun Hg) 
Angina plus ST depression 6.2 2 2.5t > 17 + 2.4 0.21 2 O.lO$ 124 + 185 158 2 29 11 Silent ischemia 7 5 f 9 5 7 17 * 0.09$ 33 238 72*  I 
Angina only 6.7 + 2.6 17 + 2.7 0.04 * 0.07 123 + 22 163 2 29 
No ischemia 8.5 + 3.6 17 + 2.5 0.02 + 0.05 136 + 26 174 ? 27 
*METS = estimated metabolic equivalent (MET) level at maximal exercise; tp = 0.0002; $p < 0.0001; $p < 0.0001; 11 p = O.OW. Borg scale-perceived 
exertion ranging from 6 for very very light to 20 for very very hard; HR = heart rate; Maximal ST Dep = maximal ST depression developed during the exercise 
test; SBP = systolic blood pressure. 
CALLAHAM ET AL. 1177 
SILENT ISCHEMIA DURING EXERCISE TESTING 
JACC Vol. 14, No. 5 
November I. 1989: 1 I”580 
AGE 60 AQE 50-59 AQE 60-89 AGE 170 OVERALL 
I ANGINA f STdep 
0 ANGINA ONLY 
&t$! SILENT ISCHEMIA 
NO ISCHEMIA 
Figure 1. Exercise test results by age groups. STdep = ST segment 
depression. 
Results 
Exercise test responses. These were analyzed separately 
for the four subgroups: 1) angina plus ST depression, 2) 
silent ischemia (ST depression without angina), 3) angina 
only, and 4) no ischemia (Table 2). To determine the 
significance of differences between the groups with silent 
and painful ST depression. t tests were performed. Mean 
maxima1 heart rate, maximal systolic blood pressure and 
maximal MET level attained were significantly higher for 
patients with silent ischemia than for patients with angina 
plus ST depression. Mean maximal ST segment depression 
was significantly greater among patients with angina plus ST 
depression than among patients with silent ischemia. 
The prevalence of silent &hernia increused with age (p = 
0.02), whereas that of angina plus ST depression did not. The 
prevalence of silent ischemia was 7% in patients ~50 years 
of age, 17% in patients aged 50 to 59 years, 20% in the 
patients aged 60 to 69 years and 36% in patients 270 years 
(Fig. 1). 
Coronary angiographic findings. Among 326 patients un- 
dergoing cardiac catheterization, the mean number (two) of 
diseased vessels and left ventricular ejection fraction (58%) 
were not significantly different according to ischemia status. 
The predictive value of ST depression for significant angio- 
graphic disease (>75% luminal occlusion in any vessel) was 
>80% whether or not angina1 pain was present. 
Follow-up 
Mortality. During the 2 year follow-up period, 71 patients 
died, 68 underwent coronary artery bypass surgery, 51 
underwent percutaneous coronary angioplasty as their sole 
revascularization procedure and 13 underwent both coro- 
nary bypass surgery and angioplasty. The exact cause of 
death often could not be determined, but coronary artery 
disease was listed as the primary cause on the available 
death certificates. Patients in the angina plus ST depression 














ANQINA ?? STd*D SILENT ISCHEMIA ALL OTHERS 
Figure 2. Total mortality rates for patients with angina plus ST 
segment depression (STdep), ST depression without angina (silent 
ischemia) and all other patients (includes patients with angina only 
and no ischemia). Patients in the angina plus ST depression and 
silent ischemic groups had a significantly higher (p = 0.02) overall 2 
year mortality rate than did patients without ST depression. 
0.02) overall 2 year mortality rate than that of patients 
without ST segment depression (Fig. 2). The overall mortal- 
ity rate in the patients with angina plus ST depression and 
those with silent ischemia was not significantly different. 
Role of coronary revascularization. The effect of coronary 
artery bypass surgery and coronary angioplasty on mortality 
in the study patients is presented in Table 3. Seven percent 
of the overall study group underwent at least one revascu- 
larization procedure during the follow-up period. However, 
in the two groups with abnormal ST segment depression, 
Table 3. Two Year Mortality Rates for Patients With Subsequent 
Medical Therapy or Undergoing a Revascularization Procedure* 
According to the Ischemic Response 
Total Deaths 
(no.) (no.) 
















167 I1 (6.6%) 
I25 8 (6.4%) 
42 3 (7.1%) 
317 I6 (5.0%) 
213 I2 (4.4%) 




1,130 41 (3.6%) 
1.103 41 (3.7%) 




*Coronary artery bypass surgery or coronary angioplasty. 
Patients in the angina plus ST depression and silent ischemia groups had 
a significantly higher (p = 0.02) overall 2 year mortality rate than that of 
patients without ST depression. 
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Figure 3. Overall 2 year mortality rate by maximal depth of 
exercise-induced ischemic ST segment depression (STdep). There 
was no significant difference between the ischemia patterns (with or 
without angina), but mortality rate was significantly increased (p = 
0.002) when ST depression was >0.2 mV. 
18% underwent revascularization. The revascularization 
procedures performed in the no ischemia group were for 
ischemia that developed during the follow-up period. The 2 
year mortality rate was 8% after coronary artery bypass 
surgery. Two of the four deaths in the silent ischemia group 
occurred before hospital discharge after surgery. There was 
only one death during the follow-up period in the patients 
who underwent coronary angioplasty. Among patients 
treated medically, there was no significant difference in the 2 
year mortality rate among the groups with no ST depression, 
silent ischemia or angina plus ST depression (Table 3). 
Role of degree of ST segment depression. The amount of 
exercise-induced ST segment depression was directly re- 
lated and independently associated with mortality. The 
mortality rate increased significantly (p = 0.002) when ST 
depression was ~0.2 mV (Fig. 3). There were 38 deaths 
(3.4%) among 1,154 patients with <O. 1 mV ST depression, 
12 deaths (3.6%) among 330 patients with 0.10 to 0.19 mV ST 
depression, 9 deaths (4.8%) among 187 patients with 0.20 to 
0.29 mV ST depression, 6 deaths (9.5%) among 63 patients 
with 0.30 to 0.39 mV ST depression and 6 deaths (17%) 
among 35 patients with ~0.4 mV ST depression. 
Role of achieved work load. Maximal exercise capacity 
(in METS) as estimated from the work load achieved was not 
independently associated with mortality. However, the 2 
year mortality rate was only 1% in patients able to attain an 
exercise capacity ~8 METS during the exercise test, 
whereas it was 9% in patients unable to perform 5 METS and 
13% in patients unable to exceed 2 METS. 
Role of myocardial infarction. We investigated whether 
prior myocardial infarction influenced silent ischemia and 
prognosis. Patients with a recent (52 weeks) myocardial 
infarction and patients with a past (>2 weeks) myocardial 
infarction were grouped separately. No significant difference 
was seen in the prevalence of ischemic patterns among the 
two infarction groups and those without infarction. Progno- 
sis was significantly worse (p = 0.0001) among patients with 
a recent myocardial infarction, particularly when ischemic 
ST segment depression was present. 
Role of diabetes. There were 93 insulin-dependent and 87 
noninsulin-dependent patients with diabetes mellitus tested. 
Of those with ischemic ST segment depression, 64% of 
insulin-dependent and 61% of noninsulin-dependent diabetic 
patients had silent myocardial ischemia. The prevalence of 
silent ischemia among the nondiabetic patients (60%) and 
diabetic patients (62%) was not significantly different. 
Combined effect of all predictors. Finally, a stepwise 
logistic regression analysis was used to examine the com- 
bined effect on mortality of the univariate predictors: age, 
MET level, depth of ST depression, maximal heart rate, 
maximal systolic blood pressure, angina pectoris, use of 
beta-adrenergic blocking agents, use of calcium channel 
blockers, use of nitrates and prior myocardial infarction 
status. Ischemic ST segment depression was the most sig- 
nificant predictor, followed by recent myocardial infarction. 
No other variable was found to be significant; however, 
angiographic variables could not be considered because of 
their incompleteness. 
Discussion 
Comparison with other studies. Weiner et al. (7) analyzed 
data in the Coronary Artery Surgery Study (CASS) Registry, 
which included patients who underwent both coronary angi- 
ography and exercise testing. All subjects in the CASS 
Registry were referred for cardiac catheterization for symp- 
tomatic chest pain. Those workers found no difference in 
survival in a 7 year follow-up study relative to the type of 
ischemic responses to exercise (that is, whether or not 
angina accompanied ST segment depression). Patients with 
neither angina nor ST depression had significantly higher 
survival rate than that of patients with ST segment depres- 
sion or angina, or both. Among subjects with silent ischemia, 
survival was related to the number of diseased vessels. Cole 
and Ellestad (6) reported angina pectoris to have additional 
prognostic significance relative to survival and other coro- 
nary events when exercise-induced ST segment depression 
was present. The discrepancy between their study and 
others may be explained by the lower pretest likelihood of 
coronary artery disease in their study group. Dagenais et al. 
(8) reported the 6 year cumulative survival rate of 298 men 
treated medically who had r2 mm exercise-induced ST 
segment depression. Men with silent myocardial ischemia 
had a significantly better survival rate (85%) than that of 
patients with angina pectoris (80%) (p < 0.05). 
Ooyang et al. (9) reported a high prevalence of silent 
myocardial ischemia in 60 consecutive patients with isch- 
emit ST segment depression during exercise who underwent 
coronary angiography early after acute myocardial infarc- 
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tion. Gibson et al. (10) reported that early exercise testing 
after acute myocardial infarction had improved prognostic 
value when thallium-201 scintigraphy was also performed; 
ischemia detected by thallium study increased the likelihood 
of a subsequent cardiac event in patients with painless ST 
segment depression. Our patients with recent myocardial 
infarction had no greater prevalence of silent ischemia than 
that of patients who had never had a myocardial infarction or 
whose infarction had occurred in the more distant past. 
Role of antianginal agents. Among our study patients 
referred for exercise testing, the 2 year mortality rate did not 
differ significantly between those with angina and without 
angina when the exercise ECG demonstrated abnormal ST 
segment depression. Beta-adrenergic blocking drugs may 
eliminate angina pectoris during exercise testing, whereas 
the ST segment response remains abnormal, even when the 
heart rate is not kept below the ischemic threshold. Antiangi- 
nal medications were not controlled in this study. However, 
in contradistinction to use of calcium channel antagonists 
and nitrates, beta-blocker use was not significantly different 
between patients with silent ischemia and those with angina 
plus ST depression. Calcium channel antagonists and ni- 
trates were used more frequently by patients experiencing 
angina during the exercise test. 
Role of age. Increasing age was associated with a greater 
prevalence of silent ischemia. The reason for this association 
is unknown, but the finding should not be unexpected in light 
of the increased prevalence of silent or unrecognized myo- 
cardial infarction among elderly patients in the Framingham 
Study (11). Amsterdam et al. (12) observed that ischemic ST 
segment depression preceded angina pectoris more often in 
elderly than in younger subjects with known coronary artery 
disease (12). Ischemic ST segment depression more fre- 
quently persists after relief of angina pectoris in the elderly 
than in younger patients (13). The elderly suffer from a 
greater number of painful disorders, and this factor has been 
associated with a higher pain tolerance. Indeed, an increased 
pain tolerance was previously demonstrated (14) among 
patients with silent ischemia. Diabetes mellitus has been 
associated with an increased prevalence of silent ischemia 
(15). However, we found no increased prevalence of diabe- 
tes mellitus among our patients with silent ischemia. 
Role of exercise capacity. Impaired exercise capacity has 
been associated with unfavorable prognosis (8,16,17). In 
comparison with patients with angina plus ischemia, patients 
with silent ischemia had a higher mean estimated MET level; 
this association held true for survivors and nonsurvivors. 
However, MET level was not independently associated with 
mortality by logistic regression analysis. 
Limitations of the study. These include the alteration of 
the natural history by revascularization procedures, the 
inability to follow up for other cardiac end points, clinical 
utilization of antianginal agents and the availability of angio- 
graphic data for only 18% of the study patients. 
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Role of coronary revascularization. Revascularization 
procedures may affect mortality during follow-up study in 
three ways; there may be increased mortality (if the surgical 
mortality is high), decreased mortality (if the patients have 
triple vessel or left main coronary disease) or no change in 
mortality (if the procedures are performed for symptomatic 
improvement only). However, only 132 (7.4%) of >1,773 
patients had a revascularization procedure, and the total 2 
year mortality rate was 6.8%, with a procedural mortality 
rate of 3%. The mortality rate would have been higher in 
those with than in those without ST depression had it not 
been for the revascularization procedures. These procedures 
are usually performed only in patients with high risk disease 
and most likely lowered the mortality rate. Regarding angio- 
graphic confirmation of silent ischemia, exercise-induced ST 
segment depression had a >80% predictive value for signif- 
icant coronary artery disease, whether or not angina was 
present in those who underwent coronary angiography. 
Conclusions. Among our patients with abnormal exer- 
cise-induced ST segment depression, approximately 60% 
had no accompanying pain (that is, they had silent myocar- 
dial ischemia). Exercise-induced ST segment depression 
conferred an adverse 2 year prognosis, but the presence or 
absence of angina pectoris did not significantly alter the 
prognosis. The prevalence of silent ischemia was not altered 
by myocardial infarction or diabetic status, but it was 
directly related to age. 
Thus, ST depression without angina pectoris is associated 
with a prognosis similar to that of ST depression associated 
with angina. This finding demonstrates that silent ischemia 
occurring during treadmill exercise testing does not confer 
an increased risk of death relative to that of patients with 
angina and ST depression. Thus, therapy should not be 
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